Abstract
Introduction

11
Energy from biomass, including biofuels like ethanol, can play a major role in local, national and 12 global energy supplies depending on land availability, costs, and supply. However, in both 13 scientific and political arenas, it is seen that such bioenergy chains need to evolve in a way that is 14 compatible with Sustainable Development. 
24
Because economic benefit is a major incentive for adoption, this paper focuses on the competitive 2 Case study description 1
Study region 2
The Northern region of the Netherlands (Groningen, Friesland and Drenthe) was selected as the Land use in the region (1.1 Mha) is dominated by agricultural activities: 68% of the total area is 23 agricultural land of which 41% is used for agricultural crops and 57% for pastures. On parts of 24 the pasture areas, silage maize is continuously cultivated by intensive cattle breeders. Cereals, potatoes, sugar beet and silage maize are the most dominant crops cultivated in rotation. Two 1 common rotations schemes for sandy soils and two rotations schemes for clay soils are selected to 2 represent current land use of arable land in the region and are depicted in Table 1.   3   4   Table 1   5   6 Due to intensive livestock production, the Netherlands faces a manure surplus. Because of the 7 costs of managing this surplus, the application of manure on agricultural land has negative costs. 
Biomass potential in the region 16
The introduction of bioenergy crops to large areas of land would create competition with the food 17 and feed crops already being grown in the region. Thus, in order to define a limit to the arable 18 land available for bioenergy production, information provided by the EU Refuel project is used (Fischer et al. 2010a; Fischer et al. 2010b ). The land available for biomass production is 1 calculated by subtracting the land needed for other land use functions (including nature) from the 2 total available land, assuming the self-sufficiency in food production in the region remains 3 constant. In the Refuel study it is assumed that typical agricultural crops are only produced on 4 arable land, while for herbaceous crops like Miscanthus it is assumed that pasture could also 5 become available.
7
The base case scenario of the Refuel assessment is derived from the Common Agricultural Policy 8 (CAP) of the EU. In addition, a more optimistic (high land availability) and a more pessimistic 9 (low land availability) variant have been developed.
10
In Table 2 , the amount of agricultural land that according to the Refuel results could become 11 available for biomass production in the North of the Netherlands in 2015 and 2030 is depicted.
12
The Refuel projections of land availability for biomass production in the North of the Netherlands 
Bioenergy chains 23
In this study, we investigate ethanol production from sugar beet and Miscanthus. These two 24 bioenergy chains are selected because of their potential for high yields (Huisman et al. 1997 Sugar beet requires good quality soils and high inputs and is generally grown in rotation with 8 cereals and potatoes. In our study, it is assumed that sugar beet for ethanol production is 9 cultivated on land currently in use as arable land (as in the Refuel study, pasture is excluded for 10 typical agricultural crops). This implies that the proportion of sugar beet needs to be increased 11 within the current rotation schemes. Because the excessive use of beet or other intensive crops 12 increases the risks of diseases and yield loss (Kempenaar et al. 2003) , it is assumed that the 13 proportion of sugar beet does not exceed 25% of the rotation, and that the total proportion of land 14 assigned to intensively managed crops does not increase from current levels. 15 
16
Current CAP regulations for sugar comprise of a quota and a price regime. The quota limits the 17 production of sugar per county and the price regime sets a guaranteed intervention price for this 18 quota. Sugar produced over the quota is sold on the world market, at considerably lower prices 19 than EU quota prices. Since extra beet exceeds the quota for sugar production, sugar beet for 20 ethanol production is less profitable than for sugar production. For this reason, it is assumed that 21 the growth of sugar beet for ethanol is additional to that sold in sugar beet quota. Management 22 and transport of sugar beet for ethanol production is assumed to be similar to current practice in 23 this region. Once harvested, sugar beet cannot be preserved. The harvest window lasts from
24
September until the end of December, thus maximizing the load factor of the beet processing 25 plant. It is assumed the sugar beet, including 15% tare (soil attached to the beet), is transported by truck to a newly built ethanol plant close to the current sugar plant centrally located within the 1 agricultural area. Since long distance transport of sugar beet is not economically attractive, the 2 conversion plant is assumed to be of a size appropriate for the expected supply of sugar beets in 3 the region, i.e. 700 kton (fresh weight) input per year (90 MW input , 1. 5 PJ ethanol Table 1 ). The annuity time period considered here is 20 years, which is in line with the lifetime of the 7 perennial crops and the lifetime of conversion plants (see Table A7 of the online supplementary 8 material). A discount rate of 5.5% is assumed. This is a realistic interest rate for farmer loans The fixed costs are a compilation of several costs that occur annually. These depend on the crop 9 type, and include the costs for insurance, soil sample assessment, certifying and crop testing, tare, 10 prevention of erosion, and national product levy. The input costs consist of the cost for planting 11 material, fertilizers, and pesticides and are determined by the application rates and costs per unit.
12
The revenue for the farmer consists of the sale of products and CAP subsidies. For cereals, both 13 main-and co-products have market value.
14
Cost of ethanol 15
In order to calculate the ethanol production costs, all costs and benefits during all stages of the 16 supply chain need to be taken into account. The specified cost calculation for perennial crops 
12
The yield level reductions were produced for the most common arable crops and mapped by
13
(Brouwer and Huinink 2002) onto 25 x 25m grid using GIS (Geographic Information System).
15
In the present HELP system a large selection of crops is included, but perennial biomass crops are 16 missing and so are seed potatoes, summer wheat, barley and rape seed (see table 3 reductions due to water and draught stress of annual and perennial crops are summarised in Table   22 3. 
24
Therefore, we assume that input levels remain constant over soils of different quality and that the 25 revenue achieved determines whether a crop is grown at a specific location. 
Results
12
The NPV of most agricultural crops, especially cereals, are found to be negative when all costs 13 are included. In Figure 1 , the proportion of costs and benefits (excluding subsidies) in the NPV of 
18
These zones have fertile soils and are well suited for cultivation of profitable crops like potatoes 19 and sugar beet. In these locations, it is very unlikely farmers will be willing to switch to energy 20 cropping systems, at least, from an economic perspective.
21
22 Table 5 shows that cropping Miscanthus on land that is currently used for pasture is often more 23 profitable than current practice, but that Miscanthus is almost never more profitable on land that 24 is currently used for maize. 
19
Also, the cost of production (9.7 €/GJ and above) is higher than for Miscanthus, but lower than 
21
The cost of feedstock production is affected by the soil suitability. In Figures 5a and 5b , the 22 spatial distribution of the cost of sugar beet and Miscanthus production are given. Both crops 23 achieve lowest production costs in the Northern area of the region. A relatively large area 24 achieves comparatively low production costs for Miscanthus. The production costs of sugar beet 25 are generally higher and increase more rapidly in less suitable conditions. In Figure 5a , the potential cost of sugar beet cropping on land now used for pastures is depicted as well. However, 1 these areas are considered to be unavailable for sugar beet production. In this figure, the land 2 currently used for pasture is mainly coloured dark (very high production costs).
4
Comparing Figure 3 with Figure 5b shows that for some locations where Miscanthus performs 5 better than current land use, production costs are very high. However, most areas where 6
Miscanthus has a higher NPV than current land use have relatively low production costs. These 7 are the most promising locations for Miscanthus production. 
Sensitivity analysis 1
In this section the sensitivity of the NPV, the cost of biomass and the cost of ethanol for various 2 key parameters is assessed. These have been selected because of expected fluctuations or 3 uncertainty in specific parameters (e.g. commodity prices, fuel prices and discount rate) and/or 4 the expected effect of the key parameter on the final result (e.g. biomass yield and labour wages).
5
In Figure 7 , the sensitivity of the NPV of Miscanthus and sugar beet cultivated on very suitable 6 soils is presented using spider diagrams. 
11
An important assumption is that here inputs of seeds, fertilizers, pesticides, and field operations 12 do not change for different soil suitability classes. The main reason for this is that poorer soils can 13 require both higher and lower levels of inputs and, that based on available data, no general trend 14 can be distinguished. The contribution of input costs to the total feedstock costs is relatively low 15 for perennial crops (about 6%) but more significant for annual crops (about 12% for barley and 16 30% for feeding potatoes). If it were to be assumed that fewer inputs would be applied to crops 17 on less suitable soils, the feedstock costs would decrease for these poorer soils. A further issue 
14
Results
15
The NPV of crops are very sensitive to market prices of agricultural products. These prices have 
18
Therefore, the results related to the prices used here need to be carefully interpreted. 
